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DATA LINE MANAGEMENT IN A MEMORY 
DEVICE 

TECHNICAL FIELD 

0001. The present disclosure relates generally to semicon 
ductor memory and more particularly, in one or more embodi 
ments, to non-volatile memory devices. 

BACKGROUND 

0002 Flash memory devices have developed into a popu 
lar source of non-volatile memory for a wide range of elec 
tronic applications. Flash memory devices typically use a 
one-transistor memory cell (e.g., floating gate memory cell) 
that allows for high memory densities, high reliability, and 
low power consumption. Changes in threshold Voltage of the 
cells, through programming of a charge storage node, Such as 
a floating gate or charge trap, or other physical phenomena, 
determine the data value of each cell. Common uses for flash 
memory and other non-volatile memory include personal 
computers, personal digital assistants (PDAs), digital cam 
eras, digital media players, digital recorders, games, appli 
ances, vehicles, wireless devices, mobile telephones, and 
removable memory modules, and the uses for non-volatile 
memory continue to expand. 
0003 Flash memory typically utilizes one of two basic 
architectures known as NOR Flash and NAND Flash. The 
designation is derived from the logic used to read the devices. 
FIG. 1 illustrates a NAND type flash memory array architec 
ture 100 wherein the floating gate memory cells 102 of the 
memory array are logically arranged in a matrix of rows and 
columns. The memory cells 102 of the array are also arranged 
together in Strings (e.g., NAND strings), typically of 8, 16.32, 
or more each, where the memory cells in a string are con 
nected together in series, Source to drain, between a common 
source line 114 and a data line 116, often referred to as a bit 
line. The array is then accessed by a row decoderactivating a 
row of floating gate memory cells (e.g., 120) by selecting a 
particular access line (e.g., 118), often referred to as a word 
line, connected to their gates. In addition, bit lines BL1-BL4 
116 can also be driven high or low depending on the current 
operation being performed. As is knownto those skilled in the 
art, the number of word lines and bit lines might be much 
greater than those shown in FIG. 1. 
0004 Bit lines BL1-BL4 116 are coupled to sensing 
devices (e.g., sense amplifiers) 130 that detect the state of 
each cell by sensing Voltage or current on a particular bit line 
116. The word lines WL7-WLO 118 Select the individual 
memory cells 102 in the series strings to be written to or read 
from and operate the remaining memory cells in each series 
string in a pass through mode. Each series string of memory 
cells is coupled to a source line 114 by a source select gate 110 
and to an individual bit line BL1 116 by a drain select gate 
104, for example. The source select gates 110 are controlled 
by a source select gate control line SG(S) 112 coupled to the 
Source select gate control gates. The drain select gates. Such 
as 104, are controlled by a drain select gate control line SG(D) 
106. 
0005. During a typical programming operation performed 
on a memory array as illustrated in FIG. 1, a particular word 
line is selected for programming, Such as WL4 118, for 
example. During a programming operation alternate bit lines 
are enabled and inhibited from programming. For example, 
even numbered bit lines might be enabled for programming 
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memory cells coupled to even numbered bit lines while the 
odd numbered bit lines are inhibited from programming 
memory cells coupled to the odd numbered bit lines. A sub 
sequent programming operation then inhibits the even num 
bered bit lines and enables the odd numbered bit lines. Bit 
lines are typically enabled for programming of their associ 
ated memory cells by applying OV to those bit lines. Bitlines 
are typically inhibited from programming their associated 
memory cells by applying a Supply Voltage, Vcc (e.g., 2.3V), 
to those bit lines, for example. Another programming method 
employs biasing one or more of the bit lines during a pro 
gramming operation to a level that does not inhibit program 
ming but effectively reduces the rate of programming. For 
example, a bit line might be biased to a voltage of 0.5V to slow 
programming of a memory cell coupled to the bit line during 
a programming operation. 
0006 FIG. 1 further illustrates an example of bias poten 

tials that might be applied during a programming operation 
performed on a selected row (e.g., WL4 118) of memory 
cells. During the example programming operation, the chan 
nel region 122 is biased to OV as a result of the 2.5V present 
on the SG(D) line 106 which enables select gates 104s. The 
channel region 122 is not biased to the potential on BL2. 
BL4116, due to the Vcc potential present on those bit lines 
which places the select gates 104 in an off condition. The 
source select gates 110 of each string are biased by the SG(S) 
Voltage (e.g., 0.5V) in a manner as to render them in an off 
condition. In the example of FIG. 1, a VPASS voltage is 
applied to each unselected word line 118-118s. 118-118. 
VPASS might be 10V, for example. The VPASS voltage is 
sufficient to turn the unselected memory cells on but is not 
high enough to cause programming of those memory cells. A 
programming potential VPGM is applied to the word line 
selected for programming, such as WL4 118 for example. 
VPGM typically comprises a series of increasing voltage 
pulses throughout the programming operation. VPGM pro 
gramming pulses might range from 12V to 25V. for example. 
As a result of the VPASS voltage placed on each unselected 
word line and the VPGM voltage placed on the selected word 
line, the channel region122, indicated by dashed lines, of the 
BL2 116 string is boosted up. For example, the channel 
region 122 might be boosted up to a potential of 8V as a 
result of the drain select gate 104 being in an off state. The 
channel region 122 is held at the OV potential of BL 116 
because drain select gate 104 is in an on State. However, the 
drain select gates 104 might still leak charge from channel 
regions 122a (boosted to 8V) to BL2, BL4116, which are 
biased at Vcc (e.g., 2.3V). This leakage of charge through 
drain select gates 104 can cause undesirable effects on 
memory cells that are not selected for programming. These 
undesirable effects are referred to as program disturb effects 
which can alter the programmed State of memory cells to an 
unintended State. 
0007 For the reasons stated above, and for other reasons 
which will become apparent to those skilled in the art upon 
reading and understanding the present specification, there is a 
need in the art, for example, for alternate biasing schemes that 
serve to mitigate the effects of program disturb. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 shows a typical arrangement of multiple 
series strings of memory cells of a memory array organized in 
a NAND architecture. 
0009 FIG. 2 shows a threshold voltage distribution. 
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0010 FIGS. 3A and 3B show a biasing scheme for pro 
gramming according to an embodiment of the present disclo 
SUC. 

0011 FIG. 4 shows a flowchart illustrating a programming 
process according to an embodiment of the present disclo 
SUC. 

0012 FIG. 5 shows additional detail of a programming 
process step such as shown in FIG. 4 according an embodi 
ment of the present disclosure. 
0013 FIG. 6 shows additional detail of a programming 
process step such as shown in FIG. 4 according an embodi 
ment of the present disclosure. 
0014 FIG. 7 shows additional detail of a programming 
process step such as shown in FIG. 4 according an embodi 
ment of the present disclosure. 
0015 FIG. 8 shows additional detail of a programming 
process step such as shown in FIG. 4 according an embodi 
ment of the present disclosure. 
0016 FIG. 9 shows additional detail of a programming 
process step such as shown in FIG. 4 according an embodi 
ment of the present disclosure. 
0017 FIG. 10 shows a functional block diagram of a sys 
tem according to an embodiment of the present disclosure. 
0018 FIG. 11 shows a schematic diagram of a circuit 
according to an embodiment of the present disclosure. 
0019 FIG. 12 shows a plot of waveforms according to an 
embodiment of the present disclosure. 

DETAILED DESCRIPTION 

0020. In the following detailed description of the present 
embodiments, reference is made to the accompanying draw 
ings that form a parthereof, and in which is shown by way of 
illustration specific embodiments in which the embodiments 
may be practiced. These embodiments are described in suf 
ficient detail to enable those skilled in the art to practice the 
invention, and it is to be understood that other embodiments 
may be utilized and that process, electrical or mechanical 
changes may be made without departing from the scope of the 
present disclosure. The following detailed description is, 
therefore, not to be taken in a limiting sense. 
0021. As the performance and complexity of electronic 
systems increases, the requirement for additional memory in 
these systems also increases. This requirement can be 
addressed by increasing the memory density of an integrated 
circuit by using such technologies as multilevel cells (MLC). 
For example, MLC NAND flash memory is a cost effective 
non-volatile memory. 
0022 Multilevel memory cells assign a data state (e.g., as 
represented by a bit pattern) to a specific range of threshold 
voltages (Vt) stored on the memory cell. Single level memory 
cells (SLC) permit the storage of a single binary digit (e.g., 
bit) of data on each memory cell. Meanwhile, MLC technol 
ogy permits the storage of two or more binary digits per cell 
(e.g., 2, 4, 8, 16 bits), depending on the quantity of threshold 
Voltage ranges assigned to the cell and the stability of the 
assigned threshold Voltage ranges during the lifetime opera 
tion of the memory cell. The number of threshold voltage 
ranges, which are sometimes referred to as Vit distribution 
windows, used to represent a bit pattern comprised of N-bits 
is 2'. For example, one bit may be represented by two ranges, 
two bits by four ranges, three bits by eight ranges, etc. Some 
memory cells can storefractional numbers of bits, such as 1.5 
bits percell. A common naming convention is to refer to SLC 
memory as MLC(two level) memory as SLC memory utilizes 
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two data states in order to store one bit of data as represented 
by a 0 or a 1, for example. MLC memory configured to store 
two bits of data can be represented by MLC(four level), three 
bits of data by MLC(eight level), etc. 
(0023 FIG. 2 illustrates an example of a Vit distribution 200 
for a MLC(four-level) memory cells. For example, cells of a 
memory device may be programmed to a Vt that falls within 
one of four different voltage ranges 202-208 of 200 mV, each 
being used to represent a data state corresponding to a bit 
pattern comprised of two bits. Typically, a dead space 210 
(which is sometimes referred to as a margin) of 0.2V to 0.4V 
is maintained between each range to keep the ranges from 
overlapping. As one example, if the Voltage stored on a cell is 
within the Vtrange 202, the cell in this case is storing a logical 
11 state and is typically considered the erased state. If the 
voltage is within the Vt range 204, the cell in this case is 
storing a logical '01 state. A voltage in the range 206 of the 
four Vt ranges would indicate that the cell in this case is 
storing a logical '00' state. Finally, a Vt residing in the Vt 
range 208 indicates that a logical 10 state is stored in the cell. 
The '01, '00' and 10 states can be referred to as the pro 
grammed States. 
0024 FIGS. 3A and 3B illustrate a biasing scheme for 
programming a number of memory cells according to one or 
more embodiments of the present disclosure. The array 300 of 
memory cells 302 of FIG.3 might comprise SLC and/or MLC 
memory cells and may comprise many more word lines 318 
and bit lines 316,324 than those shown, for example. FIG.3A 
illustrates a biasing scheme during a first portion of a pro 
gramming operation and FIG. 3B illustrates a biasing scheme 
during a second portion of the programming operation 
according to various embodiments of the present disclosure, 
for example. In the particular example illustrated by FIG. 3, 
the memory cells 320, coupled to word line WL4318, are 
selected for programming. Memory cells 320 are to be 
inhibited from programming. During a later programming 
operation, the memory cells 320is might be inhibited from 
programming and memory cells 320 might be selected for 
programming, for example. The memory cells 320is might 
be considered a first page of memory cells whereas the 
memory cells 320 might be considered a second page of 
memory cells. 
0025 AS discussed above, a programming operation typi 
cally comprises applying a series of programming pulses to 
the selected word line. Unselected word lines 318, so have 
a Vess potential (e.g., 10V) applied to them during the pro 
gramming operation. The series of programming pulses (e.g., 
V) start at a first level and increase by some amount (e.g., 
0.5V increments) as each pulse is applied to the selected word 
line 318 V, might range from 12V to 25V. for example. 
Signal SG(S) 312 biases the control gates of each source 
select transistor 310 with a voltage (e.g., 0.5V) to disable each 
source gate transistor 310. Signal SG(D) 306 biases the con 
trol gates of each drain select transistor 304 with 2.5V, for 
example. However, only drain select gates 304, become 
conductive (e.g., turn on) as the bit lines coupled to each of 
these gates 316 are biased at OV. Drain select transistors 
316 are not turned on because the bit lines these gates 
3162 are coupled to are biased to Vivi, or (e.g., Vcc) 
which prevents these gates from turning on. 
0026. As a result of the biasing conditions illustrated in 
FIG. 3A, the channel regions 322 of the memory cell 
strings coupled to the program enabled bit lines 316s are 
rendered conductive and are pulled to their respective bit line 
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potential (e.g., OV) as a result of the on state of drain select 
gates 304. The off state of the drain select gates 304. 
coupled to the program inhibited bit lines 316, allow the 
channel regions 322 to be capacitively coupled up to a 
potential (e.g., 8V) which inhibits the unselected memory 
cells 320 from programming. However, as discussed 
above, it is possible that the disabled drain select gates 304. 
might leak due to the potential difference across each drain 
select transistor of the channel potential 322 of about 8V 
and the bit line potential V.M. o. This charge leakage can 
reduce the potential of the isolated channel regions 322 and 
result in some amount of program disturb of unselected 
memory cells 320. The isolated channel regions 322. 
might be reduced from a potential of 8V to 6V as a result of 
charge leakage through the disabled drain select gates 304, 
for example. 
0027. Between the application of one or more program 
ming (e.g., V) pulses, a Verify operation is performed to 
check each selected memory cell to determine if it has 
reached its intended programmed State, such as those states 
illustrated in FIG. 2, for example. If a selected memory cell 
has reached its intended programmed State it is inhibited from 
further programming if there remain other memory cells of 
the selected row still requiring additional programming 
pulses to reach their intended programmed States. Following 
a verify operation, an additional programming pulse V, is 
applied if there are memory cells that have not completed 
programming. This process of applying a programming pulse 
followed by performing a verify operation continues until all 
the selected memory cells have reached their intended pro 
grammed States. If a particular number of programming 
pulses (e.g., maximum number) have been applied and one or 
more selected memory cells still have not completed pro 
gramming, those memory cells might be marked as defective, 
for example. 
0028. When a memory cell of a selected row has reached 

its intended programmed state, it is inhibited from further 
programming by biasing its associated bit line to a program 
inhibit level. Such as to Viva or as shown being applied to 
BL2 and BL4316 of FIG.3A.V. or might be Vcc, for 
example. Although not shown in FIG. 3A, once selected 
memory cell 320 reaches its intended programmed State, its 
associated bit line BL1316 will change from being biased to 
OV, as shown in FIG. 3A, to instead be biased to V, or 
for example. As more and more selected memory cells reach 
their intended programming levels, the more bit lines 316 of 
the array 300 that will be biased with V, or so as to 
inhibit those memory cells from further programming. 
0029. A further result of the biasing scheme illustrated in 
FIG.3A is that charging the program inhibited bit lines 316. 
to the program inhibit level (e.g. V, or ) is difficult due to 
the high bit line capacitance between the program inhibited 
bit lines 316, and the adjacent selected bit lines 316, being 
driven to a potential of OV. Data patterns to be programmed in 
a selected page of memory cells might vary from every 
memory cell being selected for programming to only one 
memory cell being selected for programming. Thus, a worst 
case bit line capacitance condition will likely occur when 
every memory cell of the selected page is to be programmed 
as this condition will yield the largest number of bit lines 
being biased to OV resulting in the greatest amount of bit line 
capacitance between the program enabled bit lines (e.g., even 
page bit lines) and the program inhibited bit lines (e.g., odd 
page bit lines.) As selected memory cells begin to reach their 
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intended programmed States, their associated bit line biasing 
will change from enabled (e.g., OV) to inhibited (e.g., V, 
...) As more and more bit lines change from enabled to 
inhibited the overall bit line to bit line capacitance of the array 
300 will begin to decrease. 
0030 The biasing scheme changes from that illustrated in 
FIG. 3A to that illustrated in FIG. 3B responsive to a particu 
lar threshold event during the programming operation accord 
ing to one or more embodiments of the present disclosure. 
Particular threshold events according to various embodi 
ments of the present disclosure are discussed later with 
respect to FIGS. 4-7. 
0031 FIG. 3B illustrates the biasing scheme utilized 
responsive to a particular threshold event (e.g., following the 
application of a particular number of programming pulses) 
which triggers a change from the biasing scheme illustrated in 
FIG. 3A to that of FIG. 3B. Prior to changing the biasing 
scheme of FIG. 3B, one or more programming pulses have 
been applied to the word line WL4318 coupled to the page 
of memory cells 320is selected for programming. 
0032 FIG. 3B illustrates that memory cells 320, and 320 
remain inhibited from programming as they were as shown in 
FIG. 3A. In the example of FIG. 3B, previously program 
enabled and selected memory cell 320 is now inhibited from 
further programming as it has reached its intended pro 
grammed State, for example. Although not shown, bit line 
324 (e.g., bit line 316 of FIG.3A) might have been biased to 
Viva or along with bit lines 31624, as discussed above, 
prior to being biased to the condition shown in FIG. 3B. 
Selected memory cell 320 has not yet achieved its intended 
programmed State and its bit line 324 is still program enabled 
by the OV bias on that bit line. 
0033. As discussed above, at a particular point in the pro 
gramming operation, program inhibited bit lines that were 
originally inhibited and/or bit lines that were changed to an 
inhibited state as their respective selected memory cells 
reached their intended programmed States, are biased to a 
higher bit line potential than V.M. o. This is indicated in 
FIG. 3B by the bit line biasing of bit lines 324, to V, 
trict. Viva or might be approximately two times Vcc 
according to one or more embodiments of the present disclo 
Sure. For example, Vivi, or might be substantially equal to 
4V. As discussed above, as more and more bit lines are pro 
gram inhibited, the overall bit line to bit line capacitance 
decreases. At a certain point this capacitance is reduced 
enough that the program inhibited bit lines can now be driven 
to the higher bit line Voltage (e.g., Viva riot). Program 
disturb effects are greater as the programming pulse potential 
(V) increase. The application of the higher inhibit voltage 
VM to serves to reduce the potential difference across 
the drain select gates 304, and the isolated channel regions 
326. This reduction in potential difference reduces the 
likelihood of charge leaking through a disabled drain select 
gate to its coupled bit line which in turn helps to mitigate the 
effect of program disturb in the inhibited memory cells. 
According to one or more embodiments, all the program 
inhibited bit lines might be biased up to the V, or level 
at the same time. Still further embodiments might bias up 
only a subset of the program inhibited bit lines. For example, 
ifa particular number of program inhibited bit lines biased to 
the lower inhibit level (e.g., Viva lot) are adjacent one 
another, those bit lines might be biased to the higher level 
(e.g., Viva tor) while program inhibited bit lines which are 
adjacent a program enabled bit line might remain biased at the 
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lower VM or inhibit Voltage. Additional programming 
pulses and verify operations will be performed until all the 
selected memory cells have reached their intended pro 
grammed States, or until a maximum number of operations 
have been performed. 
0034 FIG. 4 illustrates a flowchart of a programming 
operation according to one or more embodiments of the 
present disclosure. A row and page of memory cells are 
selected for programming 400 and a program pulse count 
PRG PULSE CT value is reset, such as to zero, for example. 
Unselected bit lines are biased to a first program inhibit volt 
age 402. Such as Vivi, or discussed above, for example. 
Selected bit lines are biased to a program enable Voltage. Such 
as OV, for example. A program pulse is applied to the selected 
row 404 which is followed by a verify operation to determine 
if the selected memory cells have completed programming. If 
all the selected memory cells have completed programming 
406 then the programming operation is complete 420. If all 
the selected memory cells have not completed programming, 
then PGMPULSECT value is updated (e.g., incremented by 
1.) A determination is made 410 if the biasing scheme (e.g., 
programming mode) should continue Such as shown in FIG. 
3A or if the biasing scheme should change to the scheme 
illustrated by FIG.3B. Should it be determined that the bias 
ing scheme is not to change 428, then the programming pulse 
level is increased 412 (e.g., by 1V.) The unselected bit lines 
are again biased to the first (e.g., lower) inhibit voltage and the 
selected bit lines are again biased to the program enable 
Voltage 402. A programming pulse at the level determined by 
step 412 is applied to the selected word line and the selected 
memory cells are again verified to determine if all the selected 
memory cells have completed programming 406. These steps 
are repeated until all selected memory cells complete pro 
gramming or the determination 410 is made to change 430 to 
the biasing scheme of FIG. 3B. Various threshold events 
which might lead to a decision 410 to change bit line biasing 
schemes according to various embodiments of the present 
disclosure are discussed with respect to FIGS. 5-7. 
0035. A change to the biasing scheme of FIG. 3B may be 
made responsive to the threshold event 500 illustrated in FIG. 
5. A comparison of the current PGMPULSECT may be made 
with a particular pulse count to determine if the biasing 
scheme should change. For example, if the PGMPULSECT 
has reached a count of 15 (e.g., 15 programming pulses have 
been applied in step 404) then the biasing scheme may be 
changed 430. If less than 15 programming pulses have been 
applied to the selected word line then the same biasing 
scheme may be used 428 and the program pulse level is 
incremented as discussed with regard to step 412. Other num 
bers of applied programming pulses might be used as the 
criteria to change biasing schemes according to one or more 
embodiments of the present disclosure. For example, accord 
ing to one or more embodiments there may be a particular 
maximum number of programming pulses that might be 
applied. Following the application of a particular number 
(e.g., a particular number and/or a percentage of the maxi 
mum number) of programming pulses, the biasing scheme 
might change. For example, the maximum number might be 
20 programming pulses and the biasing scheme might change 
following the application of pulse number 15. Further, 
according to one or more embodiments, if one or more 
memory cells have not completed programming when the 
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maximum number of pulses (e.g., 20) have been applied, 
those memory cells might be marked as defective, for 
example. 
0036. The biasing scheme may also be changed responsive 
to a threshold event 600, as illustrated in FIG. 6. For example, 
the biasing scheme may be changed when a particular number 
of selected memory cells have reached their intended states. 
For example, the particular number might be an actual count 
of the memory cells completing programming according to 
one or more embodiments. Further embodiments might 
change biasing states responsive to a percentage of memory 
cells of a selected page of memory cells reaching their 
intended States. For example, the biasing scheme might be 
changed 430, when 80 percent of the memory cells of a 
selected page of memory cells to be programmed have 
reached their intended states. This percentage might differ 
from the number of cells undergoing programming however. 
For example, seventy five percent of the memory cells of the 
selected page might have the erased State. Such as state 202 of 
FIG. 2, as their intended state for example. Thus, only five 
percent of memory cells of the selected page of memory cells 
might actually be programmed before achieving the 80 per 
cent threshold example. In other words, the percentage crite 
ria might depend not on the number of memory cells actually 
undergoing a programming (e.g., threshold Voltage change) 
but instead on the percentage of program inhibited bit lines 
regardless of if the inhibited bit lines were originally inhibited 
or changed from an enabled state to an inhibited state over the 
course of the programming operation according to one or 
more embodiments of the present disclosure. 
0037. The biasing scheme may also be changed responsive 
to a threshold event 700, as illustrated in FIG.7. The event 700 
of FIG. 7 is when a particular number (e.g., a percentage 
and/or all) of memory cells to be programmed reach either 
their intended State or another particular state. For example, 
the selected page of memory cells might be configured to be 
programmed to one of the programmed States as illustrated in 
FIG. 2. The threshold event might be when all the memory 
cells to be programmed have either achieved their intended 
programmed States or other state. For example, the biasing 
scheme might be changed when memory cells to be pro 
grammed to the 01 state have all reached the 01 state, for 
example. Other threshold events and/or programmed States 
are possible according to one or more embodiments of the 
present disclosure. 
0038 Referring back to FIG. 4, following the decision to 
change biasing schemes 430, the unselected bit lines are 
biased to a second program inhibit level 414 (e.g., V, 
c.) Selected bit lines are again biased to a program enable 

level (e.g., OV.) An additional programming pulse is then 
applied to the selected word line followed by a verify opera 
tion to determine 418 if programming of the selected page is 
complete. If the memory cells of the selected page have 
completed programming then the programming operation is 
complete 420. If additional programming is necessary, the 
PGMPULSECT is incremented 422. The current value of the 
PGMPULSECT is compared 424 to a particular count value 
(e.g., a maximum count value.) If a particular count value 
(e.g., number applied programming pulses) has reached a set 
maximum value, the programming operation might be dis 
continued 420 and/or a determination (not shown) might be 
made to determine which memory cells have failed to pro 
gram in the allotted number of applied programming pulses. 
Memory cells which are determined to be defective and/or the 
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entire page of memory cells comprising the defective 
memory cells might be blocked from future use by the 
memory device. If the maximum number of programming 
pulses has not yet been applied, then the program pulse level 
is again increased by Some amount 426 or might be held 
constant if a particular maximum V, level has been 
reached. Then, unselected bit lines are again biased to the 
second inhibit leveland the selected bit lines are biased to the 
enable Voltage 414. The increased programming pulse level is 
again applied to the selected page of memory cells 416 and 
another verify operation is performed. This sequence of steps 
is repeated until programming is complete 418 or a maximum 
number of programming pulses have been applied 424. 
0039 Step 414 of FIG. 4 illustrates a biasing scheme such 
as that discussed with respect to FIG. 3B. FIGS. 8 and 9 
provide further detail of step 414 biasing scheme according to 
various embodiments of the present disclosure. 
0040 FIG. 8 illustrates additional detail of step 414 and 
shows a biasing scheme 800 wherein only the unselected bit 
lines are biased to the second program inhibit level (e.g., 
V, ). The selected bit lines are biased to the program 
enable bias level (e.g., OV). This is followed by applying a 
programming pulse to the selected word line, Such as 416, for 
example. The selected and unselected bit lines might be 
biased to their respective levels in any order or might be 
biased Substantially simultaneously according to one or more 
embodiments of the present disclosure. 
0041 FIG. 9 illustrates an alternate bit line biasing scheme 
414 according to one or more embodiments of the present 
disclosure. FIG. 9 illustrates that step 414 comprises at least 
two steps 900 and 902. For example, both unselected and 
selected bit lines are biased to the second program inhibit 
level 900. This is followed by discharging only the selected 
bit lines 902 which is followed by applying a programming 
pulse and performing a verify operation, such as step 416, for 
example. A desirable result of this method 414 is as all the bit 
lines of the array are being biased up to the same high inhibit 
Voltage, the amount of bit line to bit line capacitance (as 
discussed above) is thus reduced making it easier for the drive 
circuitry (e.g., 330) to bias the bit lines to the higher inhibit 
voltage than if adjacent selected bit lines are biased to the low 
program enable Voltage, for example. Although not shown in 
FIG.4, additional embodiments might also bias all bit lines to 
the first inhibit voltage followed by discharging the selected 
bit lines followed by applying a programming pulse. Such as 
during steps 402 and 404, for example. 
0042. Although FIGS. 8 and 9 illustrate biasing the unse 
lected bit lines to a second program inhibit voltage, additional 
levels might be utilized. For example, unselected bit lines 
might only be biased to either a first or second level, such as 
to either Viva tour or Viva riot. Additional embodiments 
might increase the bitline Voltage during each performance of 
step 414 by a particular amount. For example, each pass of 
step 414 might increase the program inhibit bit line bias 
voltage by 0.1V, for example. Other voltage steps can be used 
according to various embodiments of the present disclosure. 
0043. It should be noted that the programming method 
illustrated by FIGS. 4-9 are not limited to those specifically 
described. For example, not every programming pulse is nec 
essarily followed by a verify operation. 
0044 FIG. 10 is a functional block diagram of an elec 
tronic system having at least one memory device according to 
one or more embodiments of the present disclosure. The 
memory device 1000 illustrated in FIG.10 is coupled to a host 
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such as a processor 1010. The processor 1010 may be a 
microprocessor or some other type of controlling circuitry. 
The memory device 1000 and the processor 1010 form part of 
an electronic system 1020. The memory device 1000 has been 
simplified to focus on features of the memory device that are 
helpful in understanding various embodiments of the present 
disclosure. 

0045. The memory device 1000 includes one or more 
arrays of memory cells 1030 that can be arranged in banks of 
rows and columns. Memory array 1030 may comprise SLC 
and/or MLC memory, for example. According to one or more 
embodiments, these memory cells of memory array 1030 are 
flash memory cells. The memory array 1030 can consist of 
multiple banks, blocks and segments of memory cells resid 
ing on a single or multiple die as part of the memory device 
1000. The memory cells of the memory array 1030 may also 
be adaptable to store varying densities (e.g., MLC(four level) 
and MLC(eight level)) of data in each cell. 
0046. An address buffer circuit 1040 is provided to latch 
address signals provided on address input connections A0-AX 
1042. Address signals are received and decoded by a row 
decoder 1044 and a column decoder 1046 to access the 
memory array1030. It will be appreciated by those skilled in 
the art, with the benefit of the present description, that the 
number of address input connections 1042 depends on the 
density and architecture of the memory array 1030. That is, 
the number of addresses increases with both increased 
memory cell counts and increased bank and block counts. 
0047. The memory device 1000 reads data in the memory 
array 1030 by sensing Voltage or current changes in the 
memory array columns using sense devices, such as sense/ 
data cache circuitry 1050. The sense/data cache circuitry 
1050, in at least one embodiment, is coupled to read and latch 
a row of data from the memory array1030. Sense/data cache 
circuitry can be used as the sense devices 330 such as shown 
in FIG. 3, for example. Data input and output buffer circuitry 
1060 is included for bi-directional data communication over 
a plurality of data connections 1062 with the processor 1010. 
Write circuitry 1055 is provided to write data to the memory 
array 1030. 
0048 Control circuitry 1070 is configured at least in part 
to implement the methods of various embodiments of the 
present disclosure, such as the various data line biasing 
schemes, for example. Control circuitry 1070 might also be 
configured to determine when to change bias Schemes as 
discussed above according to one or more embodiments of 
the present disclosure. In at least one embodiment, the control 
circuitry 1070 may utilize a state machine. Control signals 
and commands can be sent by the processor 1010 to the 
memory device 1000 over the command bus 1072. The com 
mand bus 1072 may be a discrete signal or may be comprised 
of multiple signals, for example. These command signals 
1072 are used to control the operations on the memory array 
1030, including data read, data write (program), and erase 
operations. The command bus 1072, address bus 1042 and 
data bus 1062 may all be combined or may be combined in 
part to form a number of standard interfaces 1078. For 
example, the interface 1078 between the memory device 1000 
and the processor 1010 may be a Universal Serial Bus (USB) 
interface. The interface 1078 may also be a standard interface 
used with many hard disk drives (HDD) as are known to those 
skilled in the art. For example, the interface may take the form 
of an SATA or PATA interface. 
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0049. The electronic system illustrated in FIG. 10 has been 
simplified to facilitate a basic understanding of the features of 
the memory and is for purposes of illustration only. A more 
detailed understanding of internal circuitry and functions of 
non-volatile memories are known to those skilled in the art. 

0050 FIG. 11 illustrates a simplified view of two NAND 
strings 1120 of memory cells 1102 coupled to control cir 
cuitry 1112 according to one or more embodiments of the 
present disclosure. The control circuitry 1112 shown in FIG. 
11 can be a part of the control circuitry 1070 discussed above 
with respect to FIG. 10, for example. The two NAND strings 
of memory cells 1120 (illustrated with some detail omitted to 
improve readability) are similar in configuration to those 
discussed above with respect to FIGS. 3A and 3B. NAND 
string 1120 may be considered an odd string while NAND 
string 1120 may be considered an even string, for example. 
Accordingly, bit line 1104 may be considered an odd bit line 
and 1104 may be considered an even bit line. 
0051. The control circuitry 1112 of FIG. 11 comprises two 
Subsets of circuitry. 1114 is a multiplexor (e.g., high Voltage) 
circuit WMUX. 1116 is a cache circuit (e.g., low voltage) 
which could also comprise part of the cache circuit 1050 
discussed above with respect to FIG. 10. Control circuitry 
1112 is shown in a simplified form to improve readability of 
the figure and might further comprise additional circuitry 
than that shown. The circuitry shown in FIG. 11 is intended 
illustrate one of a number of implementations of the methods 
discussed above regarding various embodiments on the 
present disclosure. Signal names shown in FIG. 11 are 
intended to be illustrative but not limiting according to vari 
ous embodiments of the present disclosure. 
0052 According to one or more embodiments, the 
WMUX 1114 circuit may precharge both bit lines to the 
VBL PRECHG potential such as prior to performing a pro 
gramming operation on one or more selected memory cells. 
The VBL PRECHG level might be 4V, for example. Accord 
ing to one or more embodiments, the VBL PRECHG poten 
tial might be twice Vcc. Other VBL PRECHG voltages 
greater than Vcc may also be utilized. The VBL PRECHG 
level might be in the range of voltages between Vcc and 4V, 
for example. Both bit lines 1104 may be charged individually 
and/or simultaneously to the VBL PRECHG potential by 
activating transistors 1118 and 1120 utilizing signals 
BIAS O and BIAS E applied to the respective transistor 
control gates of transistors 1118 and 1120 as shown in FIG. 
11. Concurrently, transistors 1122 and 1124 are deactivated 
utilizing signals BLS O and BLS E applied to the respective 
transistor control gates of transistors 1122 and 1124. For 
example, with transistor 1118 activated, the bit line 1104 is 
biased up to the VBL PRECHG level through transistor 
1118. As transistors 1122 and 1124 are deactivated, circuit 
1116 does not affect the bias of bit lines 1104. Following the 
biasing up of bit lines 1104 and/or 1104, transistors 1118 
and 1120 are deactivated such as by changing the BIAS O 
and BIAS E signals applied to the transistor control gates. 
0053. The NAND strings 1120 coupled to the pre-charged 
bit lines 1104 might or might not include a memory cell 
selected for programming. As discussed above, even and odd 
NAND Strings are typically programmed together, such as all 
the even numbered NAND strings might be programmed 
while the odd numbered NAND strings are inhibited from 
programming and Vise-Versa. If the group of NAND strings 
(e.g., even or odd NAND strings) selected for programming 
do not comprise memory cells selected for programming, 
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Such as in the case where one or more memory cells are not to 
be programmed and/or have already achieved an intended 
programmed State, multiple adjacent NAND strings might all 
be inhibited from programming during a particular program 
ming operation. For example, neither NAND string 1120 
might comprise a memory cell selected for programming. In 
another example, one of the NAND strings 1104 might com 
prise a memory cell selected for programming. To enable the 
NAND string comprising a selected memory cell, the pre 
charge Voltage present on the corresponding bit line (e.g., 
VBL PRECHG) will be reduced. In one embodiment, the bit 
line Voltage may be discharged to a OV (e.g., ground) poten 
tial. In further embodiments the bit line might be discharged 
to a non-zero level (e.g., 0.5V) which is low enough to allow 
at least some programming effect to occur in the selected 
memory cell. Other Voltages are possible according to various 
embodiments of the present disclosure. 
0054) The full and/or partial discharge of a bit line 1104 
comprising a selected memory cell is discharged such as 
through transistors 1122 and 1124, for example. If NAND 
string 1120 comprises a selected memory cell, transistor 
1124 might be activated by the signal BLS E shown in FIG. 
11. This couples bit line 1104 to the circuit 1116. As transis 
tor 1122 is not enabled, the bit line 104 is cut-off from circuit 
1116, and thus retains the VBL PRECHG potential. Circuit 
1116 illustrates a plurality of control signals (e.g., REG, BLC, 
EQU) which are coupled to control gates of transistors 1126, 
1130 and 1132 respectively. However, the one or more 
embodiments of the present disclosure are not limited to these 
signals but are illustrated to provide an example according to 
one implementation of the methods according to various 
embodiments of the present disclosure. 
0055 Transistor 1126 of circuit 1116 can be activated 
and/or deactivated by signal REG shown in FIG. 11 coupled 
to the control gate of the transistor. Circuit 1116 further 
comprises a second transistor 1128 coupled to transistor 1126 
and to a ground GND potential. The control gate of transis 
tor 1128 is coupled to the outputs of inverters 1134 and 1136. 
These inverters can be controlled by transistors 1130 and 
1132 and these transistors can be activated and/or deactivated 
by signals BLC and EQU shown coupled to their control 
gates. Circuitry 1116 might comprise other circuits and/or 
circuit components (e.g., logic circuits) than those shown in 
the Figure. 
0056. As discussed above, to reduce the pre-charge volt 
age on a particular pre-charged bit line, transistors 1118 and 
1120 are deactivated and transistors 1122 and/or 1124 are 
activated. Activating one or both of transistors 1122 and 1124 
couples the respective pre-charged bit line 1104 to the node 
1138 which couples circuit 1114 and 1116. To complete the 
intended Voltage adjustment on a pre-charged bit line, one or 
more combinations of signals REG, BLC and EQU might be 
driven so as to activate transistors 1126 and 1128, for 
example. The activation of these two transistors completes a 
path to ground GND from a pre-charged bit line 1104 through 
activated transistors 1122 and/or 1124, through signal 1138 
and through activated transistors 1126 and 1128 to GND. This 
path allows for part and/or all of the pre-charge potential 
present on a bit line 1104 to be discharged prior to a program 
ming operation performed on a selected memory cell, for 
example. 
0057 FIG. 12 illustrates waveforms 1200 developed in 
implementing one or more biasing methods according to 
various embodiments of the present disclosure. Two phases of 
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performing a programming operation are illustrated in FIG. 
12. A pre-charge phase 1202 is performed followed by a 
programming phase 1204. The absolute magnitudes, relative 
magnitudes and/or durations (e.g., time) of the signals shown 
are not meant to be limiting but are intended to be illustrative 
in describing one or more embodiments according to the 
present disclosure. 
0058. The waveforms shown in FIG. 12 are discussed by 
way of example of a programming operation performed on a 
selected memory cell, such as memory cell 320 of FIG.3B, 
for example. Table 1 provides an example of biasing condi 
tions applied during a programming operation shown in FIG. 
12 and in accordance with one or more embodiments of the 
present disclosure. The SGD signal shown in FIG. 12 and 
Table 1 might correspond to the SGD signal 306, UN WL 
(unselected word line) might correspond to signal lines 318. 
and 318-7, SEL WL (selected word line) might correspond 
to signal 318, SGS might correspond to signal 312, SEL BL 
(selected bit line) might correspond to signal 324, UN BL 
(unselected bit line) might correspond to 324 and 324, and 
SRC might correspond to signal 314, for example. During the 
pre-charge phase 1202 at time T1, the SGD, UN WL and 
SEL WIL signals are biased to the levels shown in Table 1. At 
T2, the SEL BL and the UN BL are biased up to a voltage 
greater than Vcc (e.g., Viva tor). Such as to 4V, for 
example. As shown at T3, the UN BL bias level remains at 
4V and the SEL BL is discharged to a low and/or OV voltage, 
for example. The SEL BL might be biased to a potential of 
0.5V, such as discussed above with respect to FIG. 11. It 
should be noted that following the transition 1206 from the 
pre-charge phase 1202 to the programming phase 1204 at T4. 
that the UN WL bias is adjusted to a Vpass potential, such as 
to 10V, for example. The Vpass potential might be constant 
(e.g., 10V) across all unselected word lines and/or the Vpass 
potential might change dependent upon various conditions, 
such as proximity of an unselected word line to the selected 
word line, for example. The SEL WL bias potential is 
increased by applying a programming potential to the SEL 
WL. This applied programming potential (e.g., programming 
pulse) might increase from 12V up to 20V, for example. 
Additional signal biasing level changes to signals (e.g., SGD, 
SGS, SRC) are shown in Table 1. At T5, the programming 
potential on the SEL WL and the Vpass potential on the 
UN WLS has been discharged. Finally at T6 and the comple 
tion of the programming operation, one or all of the signal 
lines shown in FIG. 12 might be discharged to a potential of 
OV, for example. 

TABLE 1. 

PRE-CHARGE PHASE PROGRAMMING PEHASE 
T = 

SIGNAL T1 T2 T3 T4 T5 T6 

SGD 3 V 3 V 3 V 2.5V 2.5 V OV 
UN WL 2V 2V 2V O-1OW OV OV 
SEL. WL 2V 2V 2V 12-20 V OV OV 
SGS OV OV OV 0.5V 0.5 V OV 
SEL. BL OV 4V OVO.SV OV.5 V OVO.5V OV 
UN BL OV 4W 4W 4W 4W OV 
SRC OV 1.5V 1.5 1.5 V 1.5 V OV 

The pre-charge 1202 and programming 1204 phases and 
applied voltages as shown in FIG. 12 and Table 1 might be 
repeated one or more times, such as until all memory cells 
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selected for programming have completed programming 
according to various embodiments of the present disclosure. 

Conclusion 

0059 Various embodiments of the present disclosure pro 
vide methods for memory device biasing schemes during a 
programming operation. Low bit line program inhibit volt 
ages are applied to inhibit bit lines while bit line to bit line 
capacitance is higher. As bit line capacitance decreases, 
higher bit line program inhibit Voltages are used to mitigate 
the effects of program disturb. 
0060 Although specific embodiments have been illus 
trated and described herein, it will be appreciated by those of 
ordinary skill in the art that any arrangement that is calculated 
to achieve the same purpose may be substituted for the spe 
cific embodiments shown. Many adaptations of the disclosure 
will be apparent to those of ordinary skill in the art. Accord 
ingly, this application is intended to cover any adaptations or 
variations of the disclosure. 

What is claimed is: 
1. A method of operating a memory device having a plu 

rality of memory cells, the method comprising: 
enabling one or more memory cells to be programmed; 
biasing one or more data lines coupled to memory cells to 

be inhibited from programming to a first program inhibit 
Voltage and applying one or more first programming 
pulses to the enabled memory cells; and 

biasing one or more of the data lines coupled to memory 
cells to be inhibited from programming to a second 
program inhibit voltage and applying one or more sec 
ond programming pulses to the enabled memory cells; 

wherein the second program inhibit Voltage is greater than 
the first program inhibit voltage and where the one or 
more second programming pulses are applied following 
the one or more first programming pulses. 

2. The method of claim 1, wherein biasing one or more data 
lines to the first program inhibit Voltage further comprises 
biasing the one or more data lines to a Supply Voltage. 

3. The method of claim 1, wherein biasing one or more data 
lines to the second program inhibit Voltage further comprises 
biasing the one or more data lines to a Voltage that is approxi 
mately twice the Supply Voltage. 

4. The method of claim 1, wherein biasing one or more data 
lines to the second program inhibit Voltage further comprises 
biasing the one or more data lines to Substantially 4V. 

5. The method of claim 1, wherein biasing one or more data 
lines to the second program inhibit Voltage further comprises 
biasing the one or more data lines where the second program 
inhibit Voltage is in the range of Voltages of a Supply Voltage 
to 4V. 

6. The method of claim 1, wherein enabling one or more 
memory cells to be programmed further comprises enabling 
one or more memory cells by grounding data lines coupled to 
memory cells to be enabled for programming. 

7. The method of claim 1, wherein biasing the one or more 
data lines to the second program inhibit Voltage further com 
prises biasing the one or more data lines to the second pro 
gram inhibit Voltage after a particular number of the memory 
cells enabled for programming have completed program 
ming. 

8. The method of claim 7, wherein the particular number of 
memory cells that have completed programming is a percent 
age of a total number of memory cells to be programmed. 
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9. The method of claim 1, wherein biasing the one or more 
data lines to the second program inhibit Voltage further com 
prises biasing the one or more data lines to the second pro 
gram inhibit Voltage after a particular number of program 
ming pulses have been applied to the memory cells enabled 
for programming. 

10. The method of claim 9, wherein biasing the one or more 
data lines to the second program inhibit Voltage further com 
prises biasing the one or more data lines to the second pro 
gram inhibit Voltage after a particular number of the memory 
cells enabled for programming have reached a particular 
State. 

11. The method of claim 1, wherein biasing one or more 
data lines to one of the inhibit Voltages comprises biasing a 
particular data line to one of the inhibit voltages if memory 
cells coupled to the particular data line are unselected for 
programming and/or have completed programming. 

12. The method of claim 11, wherein biasing one or more 
of the data lines to the second program inhibit Voltage com 
prises biasing a particular one of the data lines to the second 
program inhibit Voltage if the particular one of the data lines 
is adjacent to a data line that is also to be inhibited. 

13. The method of claim 1, wherein biasing one or more 
data lines to a first program inhibit Voltage and enabling one 
or more memory cells to be programmed comprises biasing a 
plurality of data lines to the first program inhibit voltage 
followed by discharging one or more data lines coupled to 
memory cells selected for programming prior to applying the 
one or more first programming pulses. 

14. The method of claim 1, wherein biasing one or more of 
the data lines to a second program inhibit Voltage further 
comprises biasing all of the data lines to the second program 
inhibit Voltage followed by discharging one or more data lines 
coupled to memory cells selected for programming prior to 
applying the one or more second programming pulses. 

15. The method of claim 1, further comprising biasing one 
or more of the data lines coupled to memory cells to be 
inhibited from programming to a third program inhibit Volt 
age and applying one or more third programming pulses to the 
enabled memory cells, wherein the third program inhibit 
Voltage is greater than the second program inhibit Voltage and 
where the third plurality of programming pulses are applied 
following the one or more second programming pulses. 

16. A method of programming a memory device having a 
plurality of memory cells, the method comprising: 

biasing one or more data lines of a plurality of data lines, 
the one or more data lines being coupled to memory cells 
not selected for programming to a first program inhibit 
Voltage and applying one or more first programming 
pulses to memory cells selected for programming; and 

biasing all data lines of the plurality of data lines to a 
second program inhibit Voltage, discharging data lines 
of the plurality of data lines that are coupled to memory 
cells selected for programming and applying one or 
more second programming pulses to the selected 
memory cells; 

wherein the second program inhibit Voltage is greater than 
the first program inhibit voltage and where the one or 
more second programming pulses are applied following 
the one or more first programming pulses. 

17. A method of programming a memory device having a 
plurality of memory cells logically arranged in rows and in 
columns where each row is coupled to an access line and each 
column is coupled to a data line, the method comprising: 
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performing a first programming operation wherein the first 
programming operation comprises biasing one or more 
data lines to a first program inhibit Voltage and applying 
one or more programming pulses to a selected row 
where the first programming operation is repeated for a 
first number of iterations prior to changing to perform 
ing a second programming operation; and 

performing the second programming operation wherein 
the second programming operation comprises biasing 
one or more data lines to a second program inhibit Volt 
age and applying one or more programming pulses to the 
Selected row where the second programming operation 
is repeated for a second number of iterations; 

wherein the second program inhibit Voltage is greater than 
the first program inhibit voltage. 

18. The method of claim 17, wherein biasing one or more 
data lines to a first program inhibit Voltage further comprises 
biasing all of the data lines coupled to the plurality of memory 
cells to the first program inhibit voltage followed by discharg 
ing data lines coupled to memory cells selected for program 
ming prior to applying one or more programming pulses to 
the selected row. 

19. The method of claim 17, wherein biasing one or more 
data lines to a second program inhibit Voltage further com 
prises biasing all of the data lines coupled to the plurality of 
memory cells to the second program inhibit Voltage followed 
by discharging data lines coupled to memory cells selected 
for programming prior to applying one or more programming 
pulses to the selected row. 

20. The method of claim 17, wherein changing to perform 
ing the second programming operation further comprises 
changing to performing the second programming operation 
responsive to a threshold event. 

21. The method of claim 20, wherein changing to perform 
ing the second programming operation responsive to the 
threshold event further comprises changing to the second 
programming operation responsive to the threshold event 
where the threshold event comprises completing the first 
number of iterations. 

22. The method of claim 21, wherein changing from per 
forming the first programming operation to the second opera 
tion responsive to completing the first number of iterations 
further comprises changing from performing the first pro 
gramming operation to performing the second operation 
where the first number of iterations is a percentage of a total 
number of memory cells to be programmed. 

23. The method of claim 17, wherein changing from the 
first programming operation to the second programming 
operation further comprises changing responsive to a particu 
lar number of memory cells having completed programming. 

24. The method of claim 17, wherein changing from the 
first programming operation to the second programming 
operation further comprises changing responsive to one or 
more memory cells having completed and/or reached a par 
ticular state responsive to the applied programming pulses. 

25. The method of claim 17, whereintransitioning from the 
first programming operation to the second programming 
operation further comprises transitioning in response to a 
particular amount of memory cells of the selected row which 
are inhibited from programming. 

26. The method of claim 17, further comprising perform 
ing a third programming operation wherein the third pro 
gramming operation comprises biasing each data line to a 
third program inhibit Voltage and applying one or more pro 
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gramming pulses to the selected row where the third program 
ming operation is repeated for a third number of iterations and 
where the third program inhibit Voltage is greater than the 
second program inhibit voltage. 

27. A memory device, comprising: 
a plurality of memory cells; and 
control circuitry, wherein the control circuitry is config 

ured to perform a first program operation wherein the 
first program operation comprises a first program inhibit 
bias applied to one or more data lines and the application 
of one or more program pulses to selected memory cells, 
perform a second program operation wherein the second 
program operation comprises a second program inhibit 
bias applied to one or more data lines and the application 
of one or more program pulses to the selected row where 
the first program operation is performed prior to the 
second program operation and where the second pro 
gram inhibit Voltage is greater than the first program 
inhibit voltage. 

28. The memory device of claim 27, wherein the first 
number of iterations is 15 and the second number of iterations 
is 5. 

29. The memory device of claim 27, wherein the first 
program operation further comprises the concurrent applica 
tion of the first program inhibit bias to all the data lines 
coupled to the plurality of memory cells followed by a dis 
charge of data lines coupled to memory cells selected to be 
programmed where the discharged data lines are discharged 
prior to the application of the one or more program pulses to 
the selected row. 

30. The memory device of claim 27, wherein the second 
program operation further comprises the concurrent applica 
tion of the second program inhibit bias to all the data lines 
coupled to the plurality of memory cells followed by a dis 
charge of data lines coupled to memory cells selected to be 
programmed where the discharged data lines are discharged 
prior to the application of the one or more program pulses to 
the selected row. 
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31. The memory device of claim 27, wherein the control 
circuitry is configured to perform the second program opera 
tion responsive to a number of memory cells having com 
pleted programming during the first program operation. 

32. The memory device of claim 27, wherein the control 
circuitry is configured to perform the second program opera 
tion responsive to a number of memory cells of the selected 
row being inhibited from being programmed during the first 
program operation. 

33. The memory device of claim 27, wherein the memory 
cells are multi-level NAND configured memory cells and 
where the control circuitry is configured to perform the sec 
ond program operation responsive to a number of the multi 
level memory cells having reached a particular state during 
the first program operation. 

34. A memory device configured to: 
apply a first program inhibit bias to data lines during a first 

portion of a program operation; and 
apply a second program inhibit bias to data lines during a 

second portion of the program operation, wherein the 
second program inhibit bias is greater than the first pro 
gram inhibit bias. 

35. A method for programming a memory device, compris 
1ng: 

applying a lower program inhibit Voltage to inhibit a data 
line while data line to data line capacitance is higher; and 

applying a higher program inhibit Voltage to the data line as 
the data line to data line capacitance decreases. 

36. A method of programming a memory device having a 
plurality of memory cells, the method comprising: 

biasing each data line of a plurality of data lines to a 
program inhibit Voltage where each data line is coupled 
to one or more memory cells of the plurality of memory 
cells; and 

discharging data lines of the plurality of data lines that are 
coupled to memory cells selected for programming and 
applying one or more programming pulses to the 
Selected memory cells. 
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